ABSTRACT: Introduction: The purpose of this study was to evaluate the application of ultrasound in the management of iatrogenic spinal accessory nerve palsy at the posterior cervical triangle area. Methods: In this retrospective study, we compared ultrasonographic results with intraoperative findings in patients with iatrogenic spinal accessory nerve palsy during the time period from 2014 to 2018 at our hospital. Results: Eleven patients were included. Ultrasound detected nerve transections in 9 patients and continuities in 2 patients. The ultrasonographic results were consistent with the intraoperative findings. Furthermore, ultrasound was able to accurately reveal lesion location in 8 of 9 patients with nerve transections. Discussion: Ultrasound provides direct images about nerve lesions contributing to the diagnosis of iatrogenic spinal accessory nerve palsy at the posterior cervical triangle area and also reveals lesion location, assisting in formulating suitable surgical plans preoperatively. We recommend that ultrasound be integrated into the preoperative evaluation.
Iatrogenic spinal accessory nerve (SAN) palsy is uncommon in clinical practice and can occur at any level of its course from the jugular foramen to the anterior border of the upper trapezius. [1] [2] [3] Most iatrogenic SAN injuries are caused by operative procedures performed at the posterior cervical triangle (PCT) area. Approximately 80%-90% of patients with iatrogenic SAN palsy are diagnosed with neurotmesis by the Seddon classification. [2] [3] [4] [5] [6] Early diagnosis and proper treatment are essential for prevention of lifelong disabilities. Physical examination, electrodiagnostic testing, and radiologic images are often employed for early diagnosis. 7, 8 The physical examination is straightforward in these patients due to complete nerve transection. A surgical incision on the neck is observed, and atrophy of the upper trapezius is evident. Electrodiagnostic testing helps to identify denervated muscles and concurrent sensory loss in the distribution of the cervical plexus. However, the combination of a physical examination and electrodiagnostic testing is insufficient for determining the precise extent of nerve damage and making treatment decisions in some patients. 9 High-resolution ultrasound (HRU) can be employed to yield distinct images of SAN lesions, which help to modify the diagnosis. 8, 10, 11 At the PCT area, the SAN is 1.52 ± 0.32 mm in width and 0.56 ± 0.20 mm in thickness. 12 Ultrasound is capable of visualizing nerves smaller than 1 mm in diameter and has the advantage of being able to detect small abnormalities that cannot be revealed by standard clinical magnetic resonance imaging techniques. 13 The axial resolution of a 10-MHZ probe is approximately 150 μm. 13 Hence, HRU can reliably depict the portion of the normal SAN between the posterolateral border of the SCM and the anterior border of the upper trapezius, as well as differentiate this small nerve from adjacent fat tissue.
14 Moreover, HRU can distinguish the SAN from the cervical plexus nerves and permit visualization of its branches before it penetrates the trapezius muscle. 14, 15 Studies with 2-4 patients have been performed on use of HRU in the diagnosis of iatrogenic SAN palsy, 7, 16 but few have confirmed the accuracy of HRU results with intraoperative findings. The purpose of the present study was to evaluate the application of HRU in the management of iatrogenic SAN palsy at the PCT area and retrospectively investigate the consistency between the ultrasonographic results and intraoperative findings.
METHODS
From January 2014 to January 2018, 16 patients with SAN palsy underwent surgical management at Huashan Hospital, Fudan University, by our medical group. After institutional review board approval, a retrospective review of a single surgeon's (W.X.) operative database was performed. Patients' Additional supporting information may be found in the online version of this article. Key words: iatrogenic spinal accessory nerve palsy, intraoperative findings, low-amplitude compound muscle action potential, motor unit potential, nerve transection, ultrasound Abbreviations: CMAP, compound muscle action potential; MUP, motor unit potential; HRU, high-resolution ultrasound; PCT, posterior cervical triangle; SAN, spinal accessory nerve; SCM, sternocleidomastoid muscle; TI, time interval from the occurrence of spinal accessory palsy to ultrasonography J.S. and W.C. contributed equally to this work. Funding: National Key R&D Program of China (2017YFC0840100 and 2017YFC0840106).
inclusion criteria were: (1) > 18 years of age; (2) previous surgical history at the PCT area; (3) unilateral symptoms; (4) complete medical records of the physical examination, electrodiagnostic testing, and ultrasonography; and (5) no other peripheral neuropathies. Patients with traumatic SAN palsy were excluded. The physical examination included the following parameters: (1) scars from previous surgery; (2) presence of shoulder pain; (3) atrophy of the trapezius; (4) dysfunction of shoulder abduction; (5) concomitant sensory deficit; and (6) weakness in any other shoulder girdle muscles. Electromyography (EMG) and nerve conduction studies (NCS) were performed regularly as part of the preoperative evaluation. Electrophysiologic data were collected on a Keypoint machine (Dantec Co., Skovlunde, Denmark) and interpreted by an electrodiagnostician (Y.Z.). The stimulating electrode was placed over the main trunk of the SAN at the junction of upper and middle third of the SCM, and the reference electrode was placed over the acromion process. The recording electrode was placed at the upper border of the trapezius midway between the C7 spinous process and the acromion. The ground electrode was placed between the recording and stimulating electrodes. The compound muscle action potential (CMAP) of the upper trapezius was recorded with a surface electrode. In our clinical practice, stimulus intensities eliciting a threshold and supramaximal CMAP on the healthy side were measured first as a baseline reference. A stimulus intensity twice that needed to elicit a supramaximal CMAP on the healthy side was the upper limit of the current intensity for stimulating the lesioned side, and was often <40 mA. A concentric needle electrode was further employed to examine the following electrophysiologic features of the upper trapezius: (1) fibrillation potential density; and (2) voluntary motor unit potential (MUP) recruitment, duration, amplitude, and complexity (phases, turns). The CMAP of the upper trapezius was also obtained using a needle electrode in patients with muscle atrophy. CMAP interpretation was made according to the surface and needle electrode recording results. Surface electrode recording is more likely to detect small responses from nearby muscles and to introduce false positive results, especially in patients with moderate to severe atrophy of the upper trapezius. In consideration of volume conduction, the existence of CMAP was judged on the needle electrode recording results. If no CMAP was obtained when recording with a needle electrode, the low-amplitude CMAP recorded with a surface electrode was considered to be caused by volume conduction. Ultrasonography was performed using an IU22 ultrasound device (Philips Medical Systems, Bothell, Washington) with a linear transducer (7-15 MHZ) and was interpreted by the same radiologist (W.C.), who had 10 years of experience in peripheral nerve imaging. The sonographer was blinded to the clinical and electrodiagnostic testing results. During the HRU examination, patients were in the supine position with mild neck extension. The segment of the SAN from the posterolateral border of the SCM to the anterior border of the trapezius was completely visualized by ultrasound. Preoperative, postoperative, and intraoperative medical records were reviewed.
RESULTS
A total of 11 patients (7 men and 4 women) with iatrogenic SAN palsy at the PCT area were included. Two have been described in a previous study. 17 Age, sex, the injured side of the SAN, time interval from the occurrence of SAN palsy to ultrasonography (TI), information regarding previous operations, and HRU findings are summarized in Table S1 (refer to Supplementary Material online). The nerve injury was on the left in 6 patients and on the right in 5 patients. The TI ranged from 2 to 17 (mean 6.1) months. Varying degrees of shoulder pain, atrophy of the upper trapezius, and limited adduction of the shoulder were present in these patients according to their medical records (Fig. 1) . Sensory loss in the great auricular nerve distribution was identified in 1 patient. The electrodiagnostic testing results of the upper trapezius are presented in Table 1 .
Nerve transections were clearly visualized by HRU in 8 patients (patients 1, 2, 3, 7, 8, 9, 10, and 11), and the intraoperative findings confirmed the ultrasonographic results. HRU also provided the rough distances between the cut ends in 8 patients. After the excision of proximal and distal neuromas during the operation, an intraoperative measurement between the two cut ends was performed to guide the grafted length of the sural nerve. The distances estimated by HRU approximated the results of the intraoperative measurement ( Table 2) . Two patients (patients 2 and 3) with nerve transections were managed with nerve fascicle transfer using part of the C7 nerve, and an intraoperative measurement was not performed. The remaining 6 patients were treated with nerve grafting using the sural nerve or direct end-to-end nerve repair. Patients 2 and 8 are presented as illustrative cases (Figs. 2 and 3) . In patient 5, ultrasonography revealed a suspected nerve transection; there was loss of the hypoechoic linear structure along the SAN course, and the nerve stumps could not be reliably detected by HRU due to excessive scarring. The distal stump of the SAN and concurrent partial transection of the great auricular nerve were identified intraoperatively. The proximal stump of the SAN was not identified during the operation. Furthermore, ultrasonography failed to ascertain the concurrent cervical plexus injury. The patient was managed with nerve fascicle transfer using part of the C7 nerve. For electrodiagnostic testing, low-amplitude CMAPs were recorded in 4 of 9 patients with nerve transections (Table 1) .
A swollen SAN with a continuous epineurium was revealed by ultrasonography in patient 4, which was consistent with the intraoperative findings (Fig. 4) . The CMAP and MUP were not recorded in this patient. Nerve fascicle transfer using part of the C7 nerve was employed for surgical repair. In patient 6, ultrasound detected a continuous SAN with the formation of a neuroma at the PCT area (Fig. 5) . The patient received neurolysis of the SAN, and the HRU results coincided with the intraoperative findings.
DISCUSSION
Since the first study in 1985 on use of ultrasound for the assessment of recurrent laryngeal nerve palsy, only a few studies have exclusively reported the use of ultrasound for the evaluation of iatrogenic SAN palsy. 18 In 2002, Bodner et al. 7 described the use of HRU in the management of 3 patients with iatrogenic SAN palsy. Complete transection of the SAN was identified intraoperatively in 2 patients. HRU revealed a small tubular structure approximately of 1 mm in diameter beginning at the trapezius and ending in postoperative scarring. However, they did not report on the ability of HRU to distinguish a focal SAN discontinuity or terminal neuroma from scar tissues. The remaining patient was treated with conservative management, and the ultrasonographic result was not confirmed by surgery. Cesmebasi et al. 16 reported 6 patients with iatrogenic SAN palsy. Preoperative HRU visualized a nerve transection in 4 of 6 patients. Scar tissues and surgical clips precluded direct visualization of a SAN discontinuity in the remaining 2 patients. In our retrospective study, ultrasonography was able to determine continuity or discontinuity of the SAN in 10 patients and identify a suspected SAN discontinuity in 1 patient. As to nerve transections, HRU was able to reveal the loss of the hypoechoic linear structure along the SAN course at the PCT area and distinguish transected stumps from postoperative scarring. However, excessive scar tissues after the initial operation precluded and compromised the identification of nerve stumps in some patients. The rough distances between proximal and distal stumps revealed by HRU were utilized to prompt us to specify whether nerve grafting should be considered preoperatively. Furthermore, HRU depicted the anatomic relationship between the proximal stump of the SAN and the posterolateral border of the SCM, which assisted in the identification of the proximal stump during operation. We also reported 2 cases with a continuous SAN confirmed by finding a swollen SAN and a focal neuroma at surgery. The diameter of the SAN at the PCT area revealed by transverse HRU images was approximately 0.55 mm (range 0.40-0.80 mm) in healthy subjects. 14, 19 In our clinical practice, a diameter of the SAN of >1 mm with a fusiform appearance was considered to represent nerve swelling. The diagnostic value of ultrasound for these patients with a SAN in continuity was limited.
Electrodiagnostic testing has been the most commonly used means for diagnosing iatrogenic SAN palsy. However, the accuracy of electrodiagnostic testing for SAN transections has been questioned. 3, 5 Laughlin et al. 5 reported low-amplitude CMAPs during preoperative electrodiagnostic testing in 93.75% (15 of 16) of cases of SAN transections. A disparity between electrodiagnostic testing results and intraoperative findings was also found in our retrospective study. Low-amplitude CMAPs were found in 44.4% (4 of 9) patients with nerve transections, which may be due to variant trapezius innervation.
The upper trapezius is innervated by both the SAN and motor branches from the C2, C3, and C4 roots of the cervical plexus. 20 During electrodiagnostic testing, the currents from standard bipolar stimulation of the SAN inevitably spread to motor branches from the cervical plexus. The activation of uninjured motor branches from the C2, C3, and C4 roots of the cervical plexus likely contributed to the generation of low-amplitude CMAPs in patients with nerve transections. Volume conduction and direct trapezius stimulation were other plausible explanations. Supramaximal stimulation of the SAN in patients with atrophy of the upper trapezius often leads to volume-conducted CMAP from the nearby levator scapulae, scalene complex, or supraspinatus muscles during surface electrode recording. Hence, low-amplitude CMAPs of the upper trapezius do not assure the integrity of the SAN in patients with nerve transections. 5 As noted in the Methods section, the interpretation of CAMP was made according to the surface and needle electrode recording results by an experienced electrodiagnostician. Actually, the needle electrode is not suited for recording a reproducible and supramaximal CMAP. For reducing false positive results, the method of recording CMAP was a compromise, as described. Fortunately, the morphologic information provided by HRU helped to overcome the limitation of electrodiagnostic testing in these patients with nerve transections. According to our study, HRU is a useful examination that can complement the physical examination and electrodiagnostic testing in patients with nerve transections at the PCT area.
11
Iatrogenic SAN palsy is often initially overlooked by the operating surgeon and diagnosed with marked delay. 5 The time interval from the occurrence of iatrogenic SAN palsy to referral to our hospital averaged 6.3 months in these patients, which is consistent with previous studies. 5, 6 Making an accurate diagnosis and providing proper treatment to these patients with delayed referrals are urgent. Preoperative electrodiagnostic testing and HRU provide distinct information in these patients with iatrogenic SAN palsy. Electrodiagnostic testing assists in assessing the remaining innervation, which is important for surgical planning and excluding other contributing causes of injury, including postoperative brachial plexitis. At the same time, it is important to be aware that the results of electrodiagnostic testing are misleading in some patients. Ultrasound is able to provide concrete evidence for modifying preoperative diagnoses and making treatment decisions. 10 The critical information that can be obtained from ultrasound includes the following: (1) continuity or discontinuity of the nerve; (2) length between proximal stump and distal stump in patients with nerve transections; (3) presence of a focal neuroma; (4) lesion location and degree of adjoining scar tissue; and (5) status of adjacent tissues, such as the cervical plexus and lymph nodes. Hence, the combination of electrodiagnostic testing and ultrasound during the preoperative evaluation in patients with iatrogenic SAN palsy is necessary and worthwhile. Furthermore, sectioning of the spinal accessory nerve during radical neck dissection does not always lead to the disability of shoulder function, 21, 22 and such patients are more likely to be treated with physical rehabilitation. Ultrasound should also be integrated in the management of these patients who receive physical rehabilitation to determine the continuity of the SAN.
Our study was limited to patients with iatrogenic SAN palsy at the PCT area. This is an area that can be visualized by HRU. Most patients with iatrogenic SAN palsy experienced a nerve transection, which was easy to identify by HRU. This may be a study limitation, which creates a bias toward a favorable result. Our study also has several other limitations, including: (1) small sample size; (2) single center; and (3) retrospective design.
In conclusion, considering the aforementioned limitations, this study demonstrates value in the use of ultrasound for evaluating iatrogenic SAN palsy at the PCT area. Ultrasound provides a rapid, real-time evaluation of nerve lesions that assists in the diagnosis and in formulating suitable surgical plans. HRU should be integrated into the preoperative evaluation to complement the physical examination and electrodiagnostic testing for patients with iatrogenic SAN palsy at the PCT area.
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